













through the period from 2001 to 2005. To analyze the relationship between TOC and UVB, the
dimensionlessparameterUVB transmission (KtUVB)and slant totalozone column (Z)wereestimated.The
resultsshowanoppositeseasonalbehavior forKtUVBandZ inallskyconditionsatQena,Egypt (26.20϶N,
32.75϶E,96mabovesealevel).InordertoquantifytheUVBtransmissionvariationsproducedbyslantpath
























UV radiation refers to a specificportionof the Sun’senergy
reaching the Earth’s surface. It could be simply stated that UV
radiationisthatportionoftheelectromagneticspectrumbetween
100–400nm. It isknown thatUVhighlyvariesatEarth's surface.
Kerr (2005)andWMO (2003)explainedall the factors thataffect
surface UV solar radiation. They mentioned that the absolute
intensity ofUV irradiance at the Earth’s surface as a function of
wavelength is proportional to the solar spectrum. Other factors
that affect the intensity and angular distribution of surface UV




constituents thatabsorbor scatter radiationas itpasses through
theatmosphereorscatterradiationattheEarth’ssurface.TheUVB
(280–320nm) and UVC (100–280nm) radiation represents that
portion of the spectrum that is capable of damaging biological
organisms. At surface the UV effectiveness in producing a
biological response, includealsoUVA (320–400nm)although the
maximumeffectiveness isatshorterwavelengths i.e.UVB.UVC is
completelyabsorbedintheupperatmosphere.Inaddition,theUV
wavelengthsmost affected by ozone reductions are in the UVB
band with some effect also in the UVA. Radiation at shorter
wavelengths is absorbed completely by even relatively small
amountsofozoneandbyatmosphericoxygen.
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The potential for increased solar ultraviolet (UV) radiation
reaching the Earth’s surface in response to ozone reduction has
beenamajorconcernsincethefirstsignsofozonedepletioninthe
early1980s(WMO,2007).Theinfluenceofstratosphericozoneon
the transmissionofUV radiation through theatmosphere iswell
understoodandhasbeenextensivelydiscussed inseveralstudies
andtheozoneassessments(Hermanetal.,1999;Newchurchetal.,
2003;WMO, 2007). New evidence for increases of surface UVB




reported also at northern high latitudes during episodes of low
ozone in the stratosphere caused by chemical destruction and
transportprocesses(Gallianietal.,2002;Orsolinietal.,2003).The
summertime UV irradiance at southern midlatitudes greatly
exceeds thatatnorthernmidlatitudes.On theotherhand,global
ozone measurements from satellites imply significant UVB
increasesathighandmidlatitudesofbothhemispheres,butonly
smallchangesinthetropics.Suchestimateshoweverassumethat
cloud cover and tropospheric pollution have remained constant
over these years (Madronich et al., 1994). Stratospheric ozone
levels in both the polar and non–polar regions are near their
lowest point since measurements began in the 1970’s. Current
UVB radiation levels show increases relative to the values in the











the ozone layer can affect the UVB solar radiation. The most
important factor isthetotalamountofozonethatsolarradiation
encountersbeforereachingtheEarth’ssurface.This isreferredto
as “column ozone” since it is the total amount of ozone in a
column between the Earth’s surface and the top of the
stratosphere.ThisisnormallyexpressedasDobsonUnits(DU).The





radiation has to travel. This results in increasing irradiance. The
lower the Sun is in the sky, the longer the path through the
atmosphere and the greater the amount of ozone the radiation
encounters as it passes to the Earth’s surface thus lowering the
irradiance. The angle of the Sun depends on three factors: the
latitude, the time of year, and the time of day. This angle is
referred to as the solar zenith angle (SZA) and is the angular














South Valley University (SVU) has measured the global solar
radiation, broadband UVB radiation and other meteorological
parameters. The EMA is responsible for the scientific advice and
calibration of the Egyptian Monitoring Network. Hourly values
(hour integral irradiance inMJmͲ2hͲ1) of UVB and global solar
radiation (G) at the horizontal surface were collected at SVUͲ
meteorological research station through theperiod from2001 to
2005. This station is located at Qena, Egypt (26.20϶N, 32.75϶E,
96m above sea level) and can be defined as an urban site. The
Model UVBͲ1 Ultraviolet broad band radiometer No., 960842,
YankeeEnvironmentalSystems,Inc.(YES)wasusedtomeasurethe
total irradiance from 280to320nm. In addition, the Precision
SpectralPyranometer (PSP)No.,16317IS (an ISO9060 secondary
standardPyranometerspectral range295–2800nm)used for the
precisemeasurementofglobalsolarradiation.ThePSPisthemost
commonPyranometerusedbyNationalMeteorologicalAuthorities
inworldwidemeteorological networks. The CombilogDatalogger
(No.1020,TH.Friedrichs&CO.,Germany)recordedthevaluesof
hourlyUVBandG.Theaccuracyofthepyaranometerscorresponds
to the first class according to the World Meteorological
Organization classification (WMO, 1990). These instruments are
calibrated each year against a reference instrument traceable to
the World Radiometric Reference (WRR) maintained at Davos,





hundred kilometers of Qena (220km) at Hurgada (27.23϶N,
33.8϶E). Hurgada and Qena are within the satellite spatial
resolution (the horizontal spatial resolution is 1latitude×1.25
longitudes). Data of TotalOzoneMapping Spectrometer (TOMS)
instrumentswereusedthatareprovidedbyNASAGoddardSpace
Flight Center (NASA, 2010a). Version 8 of the TOMS processing
algorithmwasused (NASA,2010b).TOMSobserves thebackward
scatteredEarthsolarradianceinseveralbands.Thisinformationis
used to estimate spatially distributed daily values of total ozone
columnamountexpressed inDobsonUnits (DU) (McPetersetal.,
1998; Serrano et al., 2008; Anton et al., 2009).McPeters et al.
(1998),Serranoetal. (2008),andAntonetal. (2009)usedTOMS
data to study the relation between the atmospheric ozone and
erythemalultraviolet irradiancebetween280and400nm(UVER).
Inaddition,McPetersetal.(1998)concludedthattheTOMSglobal
ozone isaboutonly1%higher than thegroundmeasurements in
30 mid–northern latitude stations. Furthermore, Fioletov et al.
(2002),Masserot et al. (2002), Balis et al. (2006), Ialongo et al.
(2008), and  Kazadzis et al. (2009) illustrated a good agreement
between satellite and ground based ozone data. TOMS (Earth





totalozonecolumn (TOC) through theperiod from2001 to2005.
The used data represented varied values of solar zenith angles
d60϶. The values of UVB and those of single daily TOMS ozone
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where Isc is the solar constant,M  is thegeographical latitudeof
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whereSEA is thesolarelevationangle,E0 is thecorrection factor
for the eccentricityof the Earth'sorbit, and ISCUV is theUV solar
constant. Ithasbeenobtained from the spectral valuesgivenby
FrohlichandWherli(Iqbal,1983).
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In analogue with the broadband and UV cases, UVB
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where ISCUVB is theUVB solar constant (21.51WmͲ2). Ithasbeen




reaching the Earth's surface and the total ozone column, it is
necessary to take into consideration the other factors that are
affectingthesolarUVBreachingtheEarth'ssurfacesuchas:zenith
angle,cloudiness,aerosols,surfacealbedoandaltitude.Thus,the
cases that are selected to study this relationship have nearly
constantvaluesoftheotherfactors(Serranoetal.,2008).Clearsky
cases have been selected.Most studies consider onlymeasureͲ
ments at fixed values of the solar zenith angle.However, in the
present paper, UVB measurements were taken under different
zenithangles.ItisobviousthattheUVBradiationthatreachesthe
Earth’ssurfacewilldependontheozoneamountcrossedalongthe
actual slantpathmore thanon theozoneamount in thevertical
column.Thus,totakeintoaccounttheeffectsofthisvariable,the
UVBvalueswerenormalized to itsextraterrestrialvaluesand the
stratospheric ozone concentration was divided by cosine of the
solar zenith angle. Therefore, a slant ozone column (Z) can be
introduced in this study. The slant total ozone column (DU)






Z   (7)
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Although Equation (7) is valid only for the direct solar
irradiance,Antonetal. (2009)haveused itasagoodapproximaͲ
tionfortheglobalsolarirradiance(direct+diffuse).Theirargument





(RAF) forUVER to consider all solar zenith angle cases together.
RAF is a useful indicator of the sensitivity of UVER to ozone
changes. High RAF values indicate that the UVER values are
strongly sensitive to changes in stratospheric ozone,while small
RAFvaluesindicatethatUVERislesssensitivetoozonechanges.In
this direction, they analyzed the relationship betweenmeasureͲ











where C is related to other atmospheric constituents that also
scatter and absorb UVER, such as cloudiness, aerosols and
troposphericozone.
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Factor forUVB (RAF) canbeestimated.RAF is consideredoneof
the frequentlyusedmeans that isused toexpress the impactof
ozonedepletiononUVBvalues.RAF isdefinedas thepercentage
increase in UVB that would result from a 1% decrease in the
columnamountatmosphericozone(McKenzie,1991).Thus,itwas
proposed to study the relationship between atmospheric ozone
andUVB.Inaddition,ithasbeenusedwidelyasausefulparameter
during the last years (Serrano et al., 2008; Anton et al., 2009).





More details about the evolution of UVB values at ground
level inQenacanbe found in theworksbyAdamandElShazely
(2007),BassetandKorany(2007),andRobaa(2008).Robaa(2008)
studiedthedistributionofthedailyvaluesofUVBsolarradiationat
ground level in thisarea.On theotherhand,Abdelmegeedetal.
(2004) and Kassem (2009) discussed the ozone variability over
Qena.Thepurposeofthisstudy isnottodiscussthevariabilityof
the total ozone column TOC and UVB solar radiation but to
describehowchanges intheozone layercanaffecttheUVBsolar
radiationreachingtotheground level.Figures1and2summarize
only the daily variation of TOC (DU) and UVB values in Qena
through the period from 2001 to 2005. Table 1 concludes the
monthly, seasonallyand completelyperiodaverageand standard
deviationofbothTOCandUVB.





Through the period from 2001 to 2005, TOC showed an
average of 277±18DU.Maximum total ozone column (TOC)was
353DUin8March2001,whiletheminimumozoneconcentration
became 223DU and occurred in 28 December 2001. The ozone
seasonal cycle of thewhole period is shown in Figure 1. TOC is
maximum in springtime while the minimum value occurred in
autumn.TheaverageofTOCthroughthespringandautumnwere
288±13DUand257±10DU,respectively.Theseasonalvariationof
the UVB values in all sky conditions differs according to the
variationsofthesolarzenithangleaccompaniedbyspikesdueto
theeffectofclouds (Figure2).Maximumandminimumvaluesof
UVB were observed as 0.0150MJmͲ2hͲ1 and repeated for 10
different days (through the summer and late springtime) and
0.0010 MJmͲ2hͲ1 on 22 January 2004, respectively. The daily
average of UVB through the summer and autumn were
158 Adam–AtmosphericPollutionResearch1(2010)155Ͳ160 
0.0122±0.0015MJmͲ2hͲ1 and 0.0053±0.0025MJmͲ2hͲ1, respecͲ








Table 1.Monthly, seasonal and complete periodmean of both TOC and
UVB, standard deviation (SD) and number of days (n) through thewhole
periodofthisstudy(2001Ͳ2005)

Periodoftime UVB(MJmͲ2hͲ1) TOC(DU) n
 Mean SD Mean SD
January 0.0053 0.0009 259 18 132
February 0.0062 0.0021 268 18 130
March 0.0088 0.0020 284 23 122
April 0.0106 0.0019 280 17 148
May 0.0118 0.0022 294 14 146
June 0.0130 0.0016 288 12 145
July 0.0132 0.0010 287 6 150
August 0.0127 0.0011 284 5 139
September 0.0118 0.0013 277 5 148
October 0.0097 0.0019 268 6 116
November 0.0051 0.0023 256 10 93
December 0.0044 0.0021 252 12 83
  
Winter 0.0068 0.0022 269 22 387
Spring 0.0121 0.0019 289 14 453
Summer 0.0122 0.0015 280 8 495
Autumn 0.0053 0.0025 257 11 217
  




analyzedby considering thedimensionlessparameterUVB transͲ
mission(KtUVB)andslantozone.SimultaneousvariationofKtUVBand
Zvalues through theperiodof thisstudywasemployed.Figure3
shows the variation of daily values for KtUVB and Z in all sky
conditionsduringthewholeperiodofthisstudyforQena.Thetwo
variables showanopposite seasonalbehavior.The low valuesof
the slant ozone column during summer time produce high UVB
transmission values in this season. The opposite pattern is
observed during the winter. Monthly average of slant ozone







and Anton et al. (2009) stated that themarked annual cycle of
slantozonecolumn ismainlycausedbyvariations inthe lengthof
theopticalpathduetochangesonthesolarelevation.Inaddition,
Anton et al. (2008) explained that themonthly variability of the
slantozone column ismainly controlledby changeson the total
ozonecolumnwhichpresentsahighervariabilityduringwinterand
earlyspringatmiddle latitude.VaughanandPrice (1991)pointed
out this fact ismainly due to the variation in synopticweather
systems at middle and high latitudes that notably affect the
fluctuations in lower stratosphere ozone. The opposite seasonal
behavior forKtUVBandZ inallskyconditionsatQenaagreeswith
the Badajoz "38.99϶N, 07.01϶W" (Serrano et al., 2008), Caceres
"39.48϶N, 06.34϶W" and Plasencia "40.06϶N, 06.04϶W" stations
(Antonetal.,2009).
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by slantpathozone changes (Z), the relationshipbetween these





previously shown that the clearness index is useful to represent
thecloudcover.ManyauthorssuchasKudishetal.(1993)andUdo
(2000)haveusedthevalue0.65asathreshold.ButSerranoetal.
(2008) have identified the clear sky cases by a clearness index
valuehigher than0.75. In thepresent study, the clearness index









Figure 5. Power law regression between UVB atmospheric transmission
(KtUVB) and slant ozone amount (Z) for clear cases at Qena through the




A linear regressionanalysisbetween thedailyvaluesofUVB
transmission and slant ozone was performed to quantify the
relationshipbetween them (MicrosoftOfficeExcel2007andSPSS
10 software for windows were used). The dependence of UVB
transmissiononslantozoneusingapowerlawrelationshipisgiven
byEquation (10).The correlation (r2)of this relationshipwas0.7
(i.e. 70% of the variability has been explained by the computed
regression line).The restof variance shouldbeattributed to the
variabilityofotherfactorsthatarenotconsideredinthisworksuch




0014.1)(45  ZKtUVB  (10)
05.1)(57  ZKtUVB  (11)

FromEquations10and11[comparisonwithEquation(9)],the
valuesofRAF for thedailyandmonthlymeanvalues incloudless
skyconditionswereequalto1.0014(Figure5)and1.05(Figure6),
respectively. Thismeans that the percentage of increase inUVB
thatwould result froma1%decrease in the slant columnozone
were1.0014%and1.05%forthedailyandmonthlymeanvaluesin
cloudless sky conditions. This value indicates that if there is a
decrease of 1% in slant ozone value atQena, then, UVB values
increase 1.0014% and 1.05% for the daily and monthly mean




authors.Madronich et al. (1998) reviewed the values ofRAF for
UVB(280–315nm),UVB(280–315nm)anderythemalUV.Intheir
study, theymentioned that theRAFvaluesofUVB (280–315nm)
for different values of total ozone column (290DU and 305DU)
wereequalto1.29and0.99,respectively.Inaddition,thevaluesof
RAF of UVB (280–320nm) for ozone 290DU and 305DU were
equal 0.89 and 0.71 respectively. Recently, Serrano et al. (2008)





Figure 6. Power law regression between monthly average of UVB
atmospheric transmissionand slantozone column for cloud–free through






This study leads to an opposite seasonal behavior for UVB
transmission and slant ozone (Z) in all sky conditions at Qena,
Egypt. Themonthly averages of these parameters (KtUVB and Z)
show thisoppositeseasonalbehavior inaclearerway than those
ofthedailyvalues.Inaddition,therelationshipbetweenthedaily
valuesofUVB transmissionandslantozonewasquantifiedunder
cloudless sky conditions and a power relationwas givenwith a
good correlation (r2=0.7) i.e., 70% of the variability of UVB
transmissionhasbeenexplainedbythechangeofslantozoneand
30% of this variability should be attributed to the variability of
otherfactorsthatarenotconsideredinthisworksuchasaerosols
andtroposphericozone.Furthermore,thevaluesofUVBRadiation
AmplificationFactor (RAF) for thedailyandmonthlymeanvalues
in cloudless sky conditions were equal to 1.0014 and 1.05,
respectively.Thismeans that if there isadecreaseof1% inslant
ozone value at Qena, then, UVB values increase 1.0014% and

























at McMurdo Station, Antarctica, based on version 2 data of the
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